have been synthesized and characterized by different spectroscopic techniques, EPR, magnetic susceptibility and thermal stability measurements. Complex 3 crystallizes as octahedral coordination complex in monoclinic crystal system. Complexes 1 and 2 have been found to have octahedral geometries and 4 to have square planar geometry. The complexes were found to be groove binding to calf-thymus DNA.
INTRODUCTION
Schiff Bases are widely interested due to their relevance in living system as in aminotransferase reactions [ [11] [12] [13] .
The tumor-inhibitory activity of pyridine-2-carboxaldehyde thiosemicarbazone and 3-aminopyridine-2-carboxaldehyde thiosemicarbazone is reported due to their ability to inhibit metal binding site of Ribonucleotide Reductase, an iron dependent enzyme which catalyses the reduction of Ribonucleotide to Deoxyribonucleotide in the first step of DNA biosynthesis [12] [13] .
There are numerous reports on studies of transition metal complexes of pyridine-2-craboxaldehyde thiosemicarbazones [14] [15] [16] [17] [18] [19] [20] [21] . However, reports on their semicarbazone analogues are very few. On pyridine-2-carboxaldehyde semicarbazone complexes it is worth to mention the spectroscopic characterization of pentacoordinated or octahedral Ni(Pysc)X 2 , Ni(Pysc) 2 X 2 , Co(Pysc)X 2 , Co(Pysc) 2 X 2 (where X is uninegative anions) by Iskander et. al [14] and Co(L) 2 SO 4 and Cu(L) 2 (SO 4 ) by Chandra and Kumar [21] , and single crystal X-ray structures by Kasuga et. al. ([Ni(Hasc) 2 ](OAc) 2 ; Hasc = 2-acetylpyridine semicarbazone) [15] [24] [25] [26] [27] . Of the reported complexes [14] [15] [21] [22] [23] [24] [25] [26] [27] ] their biologically activity is either not studied [14, [21] [22] [23] [24] [25] [26] [27] or found inactive [15] . However Subashchandra bose et al based on theoretical studies predicted physical, chemical and biological applications of (E)-1-((pyridin-2-yl)methylidene)semicarbazide (PMSC) [28] . However, to best of our knowledge no biological studies have been carried out till date.
The interaction of transition metal complexes with DNA continues to attract interest in relation to enzyme-DNA interaction and in the search for anticancer chemotherapeutic agents [29] [30] [31] [32] [33] [34] [35] [36] [37] . Transition metal complexes can bind to DNA via covalent and/or non-covalent interactions [29] . The labile ligand of metal complex such as chloride can be replaced by base nitrogen of DNA to form covalent bonds [29] . The noncovalent DNA interactions include (1) electrostatic interaction with the phosphates, (2) intercalative insertion between base pairs, and (3) groove binding [32] [33] [34] [35] [36] [37] .
In view of above importance and in continuation of our research in the field of biologically active complexes [30] [31] [32] [33] , we herein report the syntheses, spectroscopic characterization and DNA binding studies of Mn(II), Co(II), Ni(II) and Cu(II) (E)-1-((pyridin-2-yl)methylidene) semicarbazide (PMSC) complexes.
MATERIALS AND METHODS

Materials and Physical Techniques
All the chemicals were purchased from Sigma Aldrich and Himedia and used as received without further purification. Elemental (C, H, N) analysis were carried out using Perkin Elmer 2400 II Elemental Analyzer. FTIR spectra (KBr pellets, 4000-400 cm -1
) were recorded on a Shimadzu FTIR-8400 S spectrometer. NMR spectra were recorded by using Bruker AV III 500 MHz spectrometer and Mass spectra were recorded with WATER (ZQ-4000) Mass spectrophotometer. UV-vis spectra as well as the absorption titration studies were recorded on Perkin Elmer Lambda 35 UV/VIS spectrometer. The complexes 1 to 4 were synthesized using metal to Schiff base ligand ratio of 1:2. They were prepared by adding drop wise metal chloride (MnCl 2 .4H 2 O, CoCl 2 .6H 2 O, NiCl 2 6H 2 O, CuCl 2 .2H 2 O) solution (0.5 mmol) in 10 mL 1:1 methanol-water to stirring solution of PMSC (1 mmol, 0.164 g) in 10 mL 1:1 water-methanol. On slow evaporation complex 3 crystallized and the green colored single crystals were collected after one week. The crystalline precipitate obtained on slow evaporation of 1, 2, and 4 were filtered, washed with ethanol and collected for analysis. 
Crystallographic Data Collection and Refinement
X-ray crystallographic data were collected on Xcalibur, Eos diffractometer equipped with graphite monochromatized Mo K α radiation (λ = 0.7107 Å) at 298 K. Data reduction and absorption correction were performed with CrysAlisPro, Agilent Technologies, Version 1. 171. 36. 21. [38] . The structures were solved using SHELXL-2008 [39] and refined with fullmatrix-least-squares on F 2 . Empirical absorption correction using spherical harmonics were implemented in SCALE3 ABSPACK scaling algorithm. Primary atoms were located by structure-invariant direct method. Hydrogen atom sites were inferred from neighboring sites. Molecular structure and crystallographic illustrations were prepared using OLEX-2 [40] .
RESULTS AND DISCUSSION
The Schiff base ligand was synthesized by Schiff base condensation method. The reported complexes of the ligands were prepared by reaction with their respective metal salts Fig.  1(a) ). The crystal data, selected bond angle and bond length are given in Table 1 Fig.1 (b) ).
X-ray Diffraction Studies of 3
FTIR, UV-Vis and Thermal studies of 3 3.2.1 FTIR spectral studies of 3
The FTIR spectra of 3 (supplemental information S-1) shows broad band at 3600-3000 cm -1 which is due to lattice water overlapped with pyridine C-H stretching as well as H-bonded -NH 2 stretching. The bands at 3201 and 3142 cm -1 could be assigned to asymmetric and symmetric stretching vibrations of -NH 2 (Table 4) . The absorption at 3010 cm 
UV-Vis spectral studies of 3
The UV-Vis spectrum of 3 obtained in aqueous solution shows three transitions at 890 nm (11235 cm pseudo-octahedral Ni(II) complexes (S-2 (e-f)) [41] [42] .
Thermal studies of 3
TGA curve of 3 (S-3) shows a gradual 60% weight loss in the temperature range 110 to 310°C which could be related to simultaneous loss of five lattice H 2 O molecules, 2 Cl -ions, and one PMSC ligand (calc. wt.% = 59.3). This is followed by gradual weight loss of 25% weight loss at 320 to 640°C which could be related to the loss of second PMSC ligand (cal. wt. % = 29.9). The DTA curve of 3 shows a sharp endothermic peak at 120°C and a broad endothermic peak at 230°C possibly due to dehydration and loss of chloride counter ions and one PMSC ligand. The curve also shows a broad exothermic peak which centers at 590°C; this could be related to the loss of second PMSC ligand.
FTIR, UV-Vis, EPR, ESI-MS and
1 HNMR spectroscopic and Thermal studies of 1, 2 and 4
FTIR spectral studies
The FTIR spectra of 1, 2 and 4 (supplemental information S-1) show broad band at 3600-3000 cm -1 which is due to lattice/coordinated water overlapped with pyridine C-H stretching as well as H-bonded -NH 2 stretching similar to that of 3. The asymmetric and symmetric stretching vibrations of -NH 2 are observed at 3187, 3122 (1), 3167, 3098 (2), and 3281, 3157 (4) cm -1 (Table 4) . The band at 3007 (1), 3003 (2), and 3005 (4) cm ) which is characteristic of square planar Cu(II) complexes (S-2 (g-h)) [43] .
Mass spectral studies of complexes 1, 2 and 4
The ESI-MS spectral studies have been performed to determine the composition of the complexes 1, 2 and 4 in MeOH (Fig.2) [44] . Free metal ion peaks are visible in all the spectra [44] . The 1 HNMR spectra of 1 recorded in DMSO-d6 solution at room temperature using tetramethylsilane as internal standard shows two broad signals at δ = 12.83, 12.34 (2H) due to presence of -NH 2 (Fig. 3) . The signals at δ = 9.32 (1H, s) and δ = 8.15 (1H, s) can be assigned to -NH-and =CH-respectively. The multiplet at δ = 8.06 to 7.46 (m, 4H) is due to absorptions of aromatic ring hydrogen atoms (-ArH) [45] . Similar spectra of 2 shows -NH 2 at δ = 12.34 and 11.44 (2H), -NH-at δ = 10.12 (1H), =CH-at δ = 9.05 (1H) and absorption of aromatic H atoms (ArH) at δ = 8.64 to 7.77 (m, 4H) (Fig. 3) . The spectra of 4 shows -NH 2 at δ = 13.18, 12.55 (2H), -NH at δ = 10.49 (1H, s), -CH= at δ = 8.51 (s, 1H) and aromatic ring hydrogen at δ = 8.14-7.31 (m, 4H) (-ArH) (Fig. 3) . The spectrum of 4 shows a broad absorption at δ = 6.60 (s, 2H) which could be assigned to coordinated water; this signal is absent in the spectra of 1 and 2.
EPR spectral studies
The EPR spectra of complex 1 recorded at room temperature in solid powder shows a band with isotropic g = 2.00 (Fig. 4 (a-b) ) whereas frozen DMF solutions at 77 K, shows a hyperfine sextet with g value of 2.12, 2.06, 2.00, 1.94 and 1.82. This is due to the interaction of the electron spin with the nuclear spin (I = 5/2 for 55 Mn, 100% abundance), a hyperfine sextet (2nI+1 lines) is observed corresponding to ΔMs = ±1 and ΔM I = 0. The observed g value is very close to the free electron spin value of 2.0023, which is consistent with the typical manganese(II) system and also suggestive of the absence of spin orbit coupling in the ground state 6 A 1g [46] .
The polycrystalline solid EPR spectra of complex 2 at LNT (Fig.4 (c-d) ) appear broad in the g value range 2.0 to 2.5(I=7/2 for 59 Co -100% abundance). The spectral feature shows 2 is a high spin (S=3/2) complex with considerable spin orbit coupling [46] .
The hyperfine epr spectrum of 4 obtained in DMF at LNT, (Fig.4 (e-f) ) and orbital reduction factors (k || and k⏊) were calculated from epr parameters ( Table 5 ). The α 2 value was found to be 0.68 suggesting that there is about 32 % overlapping between ligand orbital and metal dorbital [48] . The k ║ > k⊥ showing the possibility of out-of-plane π bonding [47] [48] .
Thermal analysis
Thermal analyses of complexes are informative particularly to investigate the presence of coordinated/lattice water along with the composition of the complex. TGA curve of 1 (S-3) shows thermal stability of the complex up to 310°C followed by a 35% weight loss which could be related to the loss of counter ions and one PMSC ligand. It is followed by gradual loss of weight up to 700°C which can be related to loss of another PMSC ligand. It shows exothermic peaks at 330 and 550°C related to successive loss of PMSC ligands. TGA curve of 2 shows 45% weight loss in the temperature range of 130 to 260°C which could be related to the loss of first PMSC ligand and counter ions which is followed by a gradual decrease in weight which continues up to 700°C due to loss of second PMSC ligand. In the DTA curve of 2 there is a sharp exothermic peak at 230°C corresponding to the loss first PMSC ligand. There is broad exothermic peaks at 380°C in the DTA curve of 2; these can be assigned to the decomposition of second PMSC ligand. TGA curve of 4 (S-3) shows stepwise weight losses within 180°C to 300°C which could be related to loss of coordinated water, loss of counter ions and PMSC ligand. It is followed by gradual loss in weight.
(1) (2) (4) 
.1 Electronic absorption titration
Electronic absorption titrations were carried out in tris buffer solution (pH = 7.2). The absorbance ratio of CT-DNA solution at 260 nm and 280 nm was found to be 1.9 suggesting that the CT-DNA was satisfactorily free from protein [49] . The titrations were carried out by maintaining a constant concentration of the complex (5 × 10 for DNA at 260 nm [50] , the apparent absorption coefficients ε a , ε f , and ε b corresponds to A obs /[complex], exctinction coefficients of complex in free and bound state respectively. A plot of [DNA]/(ε a -ε f ) vs.
[DNA] was used to calculate K b from the ratio of slope and intercept [51] .
The charge transfer (CT) bands of complex 1 (500 μM) in Tris-buffer solution at 250 and 277 nm displayed hypochromism in the presence of CT-DNA (0-100 μM) (Fig.5 (a) ). The intrinsic binding constant was calculated using absorbance values at 277 nm.
The CT bands of complex 2 (500 μM) in Trisbuffer solution at 230 nm displayed hyperchromism in the presence of CT-DNA (0-100 μM) (Fig. 5 (c) ). The absorbance values at 230 nm were used for calculating intrinsic binding constant.
The CT bands of complex 3 (500 μM) in Trisbuffer solution at 257 nm (Fig. 5 (e) ) displayed hyperchromism in the presence of increasing concentration of CT-DNA (0-120 μM). The absorbance at 257 nm was used to calculate intrinsic binding constant.
The charge transfer bands of complex 4 (500 μM) in Tris-buffer solution at 273 nm ( Fig. 5 (f) ) displayed hypochromism in the presence of increasing concentration of CT-DNA (0-130 μM). The intrinsic binding constant of 4 was calculated using absorbance values at 273 nm.
The spectral patterns of complexes 1 to 4 were analogous to previously reported complexes whose interaction mode with DNA is nonintercalative and groove binding [30] [31] [32] [33] . The intrinsic binding constant, K b for each complex was determined from the plot of [DNA] / (ε a -ε f ) versus [DNA], (Fig. 5 (b. d, f, h )) using equation (1) (pH = 7.9) at 37°C [49] [50] [51] [52] ). The K b values suggest weaker DNA binding affinity of the complexes than the classical intercalators [49] [50] [51] [52] [53] . From the observed results and finding the binding modes of the complexes were non-intercalative and groove or surface binding [30] [31] [32] [33] .
Fluorescence quenching experiment
Stock solution of CT-DNA was freshly prepared in 5 mM tris buffer (pH = 7.2), the ratio of absorbance at 260 nm and 280 nm was found to be 1.9 showing satisfactory protein free condition [49] . The concentration of the CT-DNA stock solution in tris buffer was calculated as 5 × 10 -4 M using molar absorption coefficient value 6600 M -1 cm -1 of DNA at 258 nm [50] . Stock solutions of 1 to 4 in water (5 × 10 -4 M) and stock solution of ethidium bromide (EB) in water (1.6 μM) were prepared. Appropriate dilutions of the stock solution were made for each experiment. In a typical experiment 2 mL each of ethidium bromide solution was transferred into a series of vials. 25 μL each of CT-DNA (A 260nm = 2) were added to the ethidium bromide solutions. To a DNA-EB solutions in different vials, different volumes of complex (0, 10, 20, 30, etc., μM) were added. A total volume of 2.5 mL in each solution was maintained by adding additional volume of buffer. The solutions were equilibrated for 15 min. The variation in the fluorescence intensities with increasing concentration of complex were recorded at 605 nm over a spectral range of 500 to 750 nm using an excitation wavelength of 546 nm. The apparent binding constant K app was calculated from equation (2),
Where, K EB = 1.0 × 10
, [EB] = 1.3 μM and [Complex] = the molar concentration of complex at 50% reduction of fluorescence [54] . The classical Stern-Volmer quenching constants (K SV ) were calculated for each complex using the plot of linear Stern-Volmer equation.
Where, I o and I are the fluorescence intensities of DNA-EB in the absence and presence of the complex respectively and r is the concentration ratio of complex to DNA [55] [56] . K sv value was obtained from the slope of a linear plot of I o /I vs. r [56] . Ethidium bromide (EB) is a DNA intercalator [57] that gives significant fluorescence emission when intercalated between the adjacent DNA base pairs [53, 56] . The extent of fluorescence quenching for EB bound to DNA was used to study the extent of binding between the molecule and DNA [53, 56, 58] . Fig. 6 (a, c, e, g ) shows the reductions in the fluorescence emission intensities of EB-DNA (10 μM) with increasing concentration of complexes (0-100 μM) recorded in tris buffer solution (pH = 7.2). Using equation (2) (Fig.6 b, d, f, h) ) [53] . [53, 56, 59] .
(g) (h) M) are given in Fig. 7 . The cyclic voltammetric parameters of the complexes are given in Table 6 .
Cyclic voltammogram of 1 in the absence of DNA gave two reduction peaks at 0.27 and -0.54 V (Fig. 7) which may be assigned to reduction of Mn(IV) to Mn(III) and Mn(III) to Mn(II) respectively [60] . The oxidation peaks observed at 0.38 and 0.68 V can be assigned to oxidation of Mn(II) to Mn(III) and Mn(III) to Mn(IV) respectively [60] . In the presence of CT-DNA two reduction peaks 0. (Table 6 ).
The CV of 2 (Fig. 7) gave a reduction peak at -0.62 V and an oxidation peak at 0.37 V. The reduction peak could be assigned to reduction of Co(II) to Co(I) and oxidation peak could be assigned to oxidation of Co(I) to Co(II) [61] . In the presence of CTDNA the reduction and oxidation peaks were observed at -0.71 and 0.39 V respectively. The formal potential E 1/2 value -0.12 V of 2 was shifted to more negative value -0.16 V in the presence of CTDNA.
The CV of 3 (Fig. 7) gave a reduction peak at -0.37 V which could be assigned to reduction of Ni(II) to Ni(I) [62] . The oxidation peak of 3 observed at 0.50 V could be assigned to oxidation of Ni(I) to Ni(II) [62] . In the presence of CTDNA the reduction and oxidation peaks were observed at -0.42 and 0.50 V respectively. The formal potential E 1/2 value 0.06 V of 3 was shifted to more negative value 0.04 V in the presence of DNA.
The cyclic voltammogram of 4 (Fig. 7) gave a reduction peak at -0.99 V which could be assigned to reduction of Cu(II) to Cu(I) [61] . The oxidation peak of 4 observed at 0.29 V could be assigned to oxidation of Cu(I) to Cu(II) [61] . In the presence of CTDNA the reduction and oxidation peaks were observed at -0.85 and 0.19 V respectively. The formal potential E 1/2 value -0.35 V of 4 was shifted to more positive value -0.33 V in the presence of CTDNA.
For all the complexes the peak separation values and peak current ratios shows that the redox processes are not reversible. As the DNA and the respective ligands did not show any redox processes it can be concluded that the redox processes are due to metal centers. The overall experimental suggests that the presence of DNA strongly affects the redox processes of metal centers in all the complexes.
Among the three kinds of binding modes of small molecules to DNA, if the formal potential E 1/2 is shifted to more positive value the interaction mode is intercalative binding, while E 1/2 shifted to more negative value the binding mode is electrostatic [56] . It has been observed that the shift in E 1/2 values in presence of DNA from that in the absence of DNA are insignificant, suggesting the complexes bind to CT-DNA by surface or groove binding mode. [31] . When viscosities of DNA solutions with increasing concentrations of the complexes 1 to 4 were measured the relative viscosities (η/ηo) were found to be unchanged suggesting that the complexes bind with DNA via non-intercalative surface or groove binding.
CONCLUSION
The present work reports on the synthesis, spectroscopic characterization and DNA binding studies of (E)-1-((pyridin-2-yl)methylidene)semicarbazide complexes of Mn(II), Co(II), Ni(II) and Cu(II). X-ray diffraction study shows that 3 has octahedral geometry in which two tridentate ketonic form of PMSC ligands, which possess E configuration with respect to imine double bond, meridionally coordinate to the Ni +2 center through N(pyridine), N(imine) and O(amide). Different spectroscopic techniques, magnetic susceptibility measurements and thermal analysis shows that complexes 1 and 2, have octahedral coordination environments while complex 4 has square planar coordination environment. Electronic absorption titration experiment, EB-DNA fluorescence quenching experiments, cyclic voltammetric experiments and viscosity measurements suggests that the complexes might be nonintercalative surface or groove binder to CT-DNA. 
